We carry out a systematic study of branching ratios, angular correlations, and CP asymmetries in the decay of neutral and charged B mesons to final states consisting of two vector mesons. The renormaiization-group-improved effective Hamiltonian is evaluated in the vacuum insertion (factorization) approximation. Okubo-Zweig-Iizuka suppressed aud annihilation terms are neglected. Current matrix elements are evaluated using the wave functions of Bauer, Stech, and Wirbel. Branching ratios and angular correlations among subsequent decays of the vector mesons are calculated for 34 channels and a comparison is made with the data. As a first approximation, the calculational scheme provides a useful framework with which to organize the data. 
I. INTRGDUCTIGN
The nonleptonic weak decays of 8 mesons are very interesting for several reasons. First, CP violation in the B-meson system will eventually give us information about the CP violating phase in the Cabibbo-KobayashiMaskawa (CKM) mixing matrix [I] . Second, nonleptonic weak decays will give additional clues for determining the absolute values of the quark mixing parameters, in particular, the fundamental ratio~V "t,/V, s~, although it is expected that more solid information on this ratio will come from semileptonic B decays. Last, the dynamics of the nonleptonic weak decays in the framework of the standard model is not yet well understood. One of the problems in calculating the transition amplitudes for nonleptonic weak decays is that one needs to evaluate the hadronic matrix elements of certain four-quark operators which can be done in QCD only with nonperturbative methods. With luck it is possible that weak phases and CKM matrix elements can be extracted from the data in a way that is independent of the hadronic dynamics. Otherwise it is clear that in order to gain information on the~V "g/V, s~r atio or on the CP violating phase from nonleptonic B decays further progress is needed in computing the relevant hadronic matrix elements for these decays.
The usual route to calculating these hadronic matrix elements for B decays is to start from the effective, QCD corrected, Hamiltonian for the Ab = 1 nonleptonic decays in the six-quark model (i.e., including the t quark) [2] , [3] . This gives the weak Hamiltonian in terms of fourquark operators. For computing the hadronic matrix elements of these four -quark operators the factorization approximation is used [4] . Then the hadronic matrix elements are given in terms of current matrix elements (matrix elements of two -quark operators) as they appear also in semileptonic decays. These current matrix elements are much easier to calculate and many models have been proposed for them.
In this paper we intend to apply this framework for calculating nonleptonic Bo and B decays into two vector mesons. Actually this has been done in the past by various authors [5] , in particular, by Bauer, Stech, and Wirbel (BSW) [6] . [7] for the s sector, and via box diagrams. This full Ab = 1 effective weak
Hamiltonian has been calculated by Ponce [3] following the work of Gilman and Wise [2] for the strange sector,
where FSB eff'ects enter only via the penguin diagrams.
Concerning final-state interactions and strong phases, our philosophy in this work is to present our results for the most part as if they ivere [8) , [9] and (2) I&-matrix formalism [10] , [11] at the hadron level. We intend to return to this matter in a future publication.
VVe shall try several approximate versions of the Ponce Hamiltonian in order to get an overview on the dependence of QCD corrections and/or penguin terms. In addition we shall invoke also the N, -+ oo limit when evaluating the hadronic matrix element to have a realistic model for some of the suppressed B decays [6] .
In Sec Hs --V""i, V"(sc) ( [12] . The interference of internal W emission and penguins was calculated also in some detail by Valencia [13] According to (3.9) In the following we shall write the matrix elements for two specific channels which are induced by H2 as given in (2.8) and by HP which follows from (2.11) and (2.12), respectively. The first example is Bo~Ii*0/. 2iv (q')
In order to calculate the matrix elements (4.2), (4.5), [6] (4.9) describe the contribution of the axial-vector current and the last term proportional to V (q2) is the contribution of the vector part of j". To obtain the structure Fi in (4.1) we must multiply (4.8) and (4.9) with the result (3.4) and (3.5) we need f", and Ai (»2~), A2 (m22), and V (m~2) . These four constants for various choices of vector mesons Vj and V2 have been calculated by BSW [6] . They calculated A~, A2, and V at zero momentum transfer q = 0 using relativistic oscillator wave functions. The q dependence We take the same pole masses mp as BSW [6] . They [24] . For choices (i) and (ii) V,t, --0.047 and V"g --0.0051 which can be compared to the values obtained from semileptonic B decays [25, 26] . The current matrix elements are calculated from the BSW model [6] D. Sectors Ab = Ac = As = 1 (Hs) and As = 0, Ab = Ac = 1(JIs)
The transitions induced by H5+ are reduced further since their matrix elements are proportional to V"'&V". [30] . However, the branching ratios obtained for the other two models are also consistent with the data.
The transitions to the final state I~" Q are proportional to a . As it was already mentioned this QCD coefficient is very small in the QCD model with Fierz terms. Therefore in this model the branching fraction for 8~I~" g is too small at least by a factor of 10. In the other t;wo models it is approximately consistent with the experimental data as was already mentioned above. In the more detailed results not presented here we observe that one of the transverse helicity matrix elements, namely, 0+~i s small, whereas the other one is comparable to the longitudinal matrix element. Therefore in both transitions 8~D*D; and 8~Ii*Q we obtain Fz/I' 0 5. The cos P term is larger than the cos 2P term only by a factor of 3 for 8~D'D; and a factor of 5 for 8~Ii'Q, so that the cos 2P term has some effect on the azimuthal distribution. These results are independent of the QCD model. EI'/I' for 80~K' Q is large, comparable to the numbers we encountered in the nonpenguin group.
Therefore the dilution factor, approximately 0.8, is again unimportant for detecting CP violation via B -B mixing, so that the decay channel 8~I~" g is as useful for CP studies as the decay 8~Ii g. Actually this dilution factor may be even larger than 0.8 as we shall see below.
Preliminary data from ARGUS [31] [12] . The reason is that we have a g a2 as discussed above. There is also an upper limit for B(B+~I&"+u) & 1.3 x 10 4 [33] to be compared with B(B~I i" w) = 6.1 x 10 in Table VII. F. Sector b, s = b, c = 0, Ab = 1 (Hs)
As the last point we discuss the results for the transitions induced by H3 . These transitions are also influenced by penguin effects. As one can see in Table VII, I T/I, cubi, Q'2 and also AI /I' are very similar to those in the B~D'D, transitions. The next important group concerning branching ratios are the transitions 8~cup and 8~p Q. The branching ratios are up to 0.03% (see Table VII ). Because Tables V and VI for two of the three QCD models come out almost the same is accidental. In Table   V the coefficient a = a2 (see Table I ) but a = 1/3. In Table V (a -az) is almost equal to (a -az) for [37] , [38] . We Table II for the list of all H&+ induced transitions): 
